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Pressure (hPa)

Roof + road fraction (0.0005937)
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Heavy rainfall often occurs around cities. In
fact, cities themselves can affect the
weather.

Air is unstable when it is warmer than the
air around it. The warm, unstable air starts
to rise. The air cools as it rises, which
allows water vapor within it to condense
and form clouds.

The goal is to develop a frame to
address urban heterogeneity surface
energy balance

Developing air temperature maps with
high temporal and spatial resolutions.

R,=(1-r) Sy + (L4 - L) = H +AE+G
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Spatio-Temporal Regression
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Table 3  The statistic of estimated coefficients using stepwise linear . . . .
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MODIS: LST [Celsius] [Apr 22, 2016]

LANDSAT 8 : LST [Celsius] [ Apr 22, 2016]
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Flux Tower Observations

R,=(1-r) Sy + (L4 - L) = H +AE+G

LI-7500A Open Path CO2/H20 Analyzer from LI-COR:
Gill WindMaster Sonic Anemometer
7900-300 Tripod

7900-101 Biomet
7900-144 Net Radiometer (Kipp & Zonen CNR4).
7900-130 Humidity and Temperature sensor (Vaisala HMP155).
7900-135 Radiation Shield (RM Young 41005-5) for above.
7900-150 Soil Heat Flux sensors (Hukseflux HFPO1).
7900-180 Soil Temperature thermistors (LI-COR).
7900-170 Soil Moisture probes (Delta-T ML2x).
7900-190 Quantum Sensor (LI-COR LI-190SL-50).
7900-160 Rain/Precipitation gauge (Texas Electronics TR-525USW).
7900-120 Data logger (Sutron Xlite 9210) with (2) 7900-124 Modules (10-
channel).

7900-125 Pre-configured Biomet Enclosure 36 x 41 cm (LI-COR)

7550-200 SMARTFlux




Flux Tower Observations
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~
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Measurements are taken from
following surfaces:

- Concrete

- Porous concrete
- Asphalt

- Black roofs

- White roofs

s ea W e SRS o 1

Flux towers installed at Manhattan College. Left: Asphalt. Right: Concrete.
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Vertical fluxes of sensible and latent heat for the week of June 7-14, 2016.



Satellite “Pixel” Cross-Sections

MODIS Pixel
Weighting Function -\
\ LandSat
Pixel Weights

VN

MODIS Pixels do not have uniform radiance weighting across the pixel
area. The LandSat sub-pixel temperatures can not be weighted equally;
an effect that varies with pixel position in the swath.




The grayscale LandSat
temperature image
shows variability in East
River versus Hudson
river water temps.

We choose a subset area
of Queens & Brooklyn to
avoid large water bodies
on this first attempt.

Preliminary Downscaling of MODIS Temperature based on Surface Classifications




O 1102

The LandSat Hi-Res BT image is
regridded to match that of MODIS
as a testbed for the downscaling
technique.

0.001 degree (1km) BT image




Downscaling Technique

30% Veg
20% water
40% building
10% road

15% Veg

0% water
65% building
20% road

Each 1 km? bin has an average temperature T,
and a mix of k surface component fractions F;
with coefficients C, TBD. Coordinates in 3
dimensions were included to capture weather
gradients.

T;- = To + ECkEk C.and T, found
ik

by regression.




Surface Coefficients are Not as Expected

C = coefficient

_ F = surface fraction
T,=T,+»C,F,
ik

T,=-119C (expected close to average T!)
Coefficient
Water 11e W d fractional coeff tstob th
e expected fractional coefficients to be on the
Ve.g 144 C order of a few degrees to modify the average
Build 1 146 C temperature.
Build 2 152 C
Road 157 C
Elevation -0.026 C/m
WtoE 0.032 C/km  Geographical coefficients will change daily,

StoN -0.027 C/km  |seasonally.



Does Statistical Model Reproduce

1 km Temperatures?

Observed Average Temperatures
u l
m
—

Modeled average Temperatures
Based on Surface Classification

correlation = 0.882

30

T model




LandSat Scale
Observations of
Temperature

Downscaled From
MODIS scale
Observations plus
Surface Classification
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Urban Canopy Model

Urban facets with multiple

thermal properties
*  Coupled with a Hydrological
2l I, T, T, model
* Analytical solution for heat
o I H, I H._ conduction
- — I, Ty =l ol el
3
“H,. :
i Ri Princeton Urban Canopy Model
o e A h
H Wi
building
soil heat storage /
w r

Based on Kusaka 5(2001) energy exchange framework

(Wang et. al., 2013)



Urban Canopy Model

m CONCRETE
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Average Footprint for the study period (July 2009)
Data from the UMBC flux tower was used to calculate the footprint



Urban Canopy Model
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Urban Canopy Model

SURFACE/SKINTEMPERATURE
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»  ~10°C difference between black (0.= 0.05) and white roof (o.=0.50)
. Concrete warmest during night & early moming periods

STORAGEHEATFLUX

300

200

150

100

wm2

50!
ol

GO EEO et 2 \ N -

Xt W g o K

-100- s i .

1
00:00 06:00 12:00 18:00
Local Time

. Substantial contribution in urban areas ¢

(Ramamurthy et. al., 2014)

SENSIBLEHEATFLUX
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While LE from green surfaces dominate, evaporation from built surfaces visible
Intermittency in LE from built surface due to precipitation being the primary driver



Conclusions & Future Work

What will be the effect of clouds? And how the coarser satellite observation can be
included in the model.

What will be the effect of the Urban Areas on regional scale and global scale?
Use more frequent MODIS or GEO satellites to get coarse-scale average temperatures

Flux towers can help to understand the variability of surface energy parameters at each
urban surface type

Urban Canopy modeling can benefit from satellite and ground observations to produce
surface energy components in heterogeneous urban areas.

Use Regression coefficients from Coarse Scale to Produce downscaled Temperatures
based on surface classification

GOES-R satellite capabilities to enhance our understanding about the urban surface
energy balance.
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